The purpose of this work is to determine the geometric parameters of methylene and six (6) analogues in the first electronic states: singlet state (S0) and triplet state (T1) with advanced quantum chemistry methods for a better knowledge of their structures. For this reason, we used Hartree-Fock (HF), MP2, B3LYP, G3, CBS -Q and CBS APNO levels of theory associated with correlated Dunning basis set (cc-pVTZ), using the Gaussian 03 suite of programs. According to this study, we observe that C -H bond lengths are always larger in the S0 state than in the T1 state for the methylene; according to the results of all computational methods used. For C -X (X = Cl) bond, we have the same behavior as for C -H bond in the methylene. When X = F, we have an opposite behavior. Indeed, C -X bond is always longer in the state T1 than in the state S0. Concerning bond angles, we observe that, the angle XCY is always smaller (100 ° -110°) in the S0 state than the T1 one (118° -135°). The valence angle increases from F to Cl; this may be explained both by the decrease of electronegativity and the steric hindrance of atoms becoming increasingly large. In the particular case of the monohydroxycarbene and dihydroxycarbene, we have a slightly more complex geometry than methylene and group of the halogenocarbenes because here, a dihedral angle is in addition to other internal drawcords.
INTRODUCTION
The carbenes are divalent carbon chemical species; they belong to the family of compounds that have a very short life. These compounds have often been studied by generations of scientists since the advent of chemistry in the 19th century (ref, 1897) .
The carbenes can be obtained by photolysis of "diazo" or "DIAZIRIN" (Figure 1) They are intermediaries in several reactions. They are very reactive organic entities not detectable (except in the form of the ligand in metal complexes) and are also unstable because of their two electrons not involved in bonds.
These two electrons allow to distinguish three electronic states of carbenes: fundamental Singlet state S0 (the two uncommitted electrons spin occupy the same molecular orbital and are paired), excited state S1 (the two different uncommitted electrons spin are located in different orbitals) and excited state T1 (the two same uncommitted electrons are located in different orbitals). (Figure 2) In our laboratory, a previous work was devoted to the theoretical studies on the structure and reactivity of carbenes with semi empirical methods (AM1 and MNDO) by Dr. ADEOTI (1998) . In the present work, we extend our investigation with more sophisticated quantum chemical methods such as: ab-initio Hartree-Fock (Roothaan, 1951) , (Hehre, W.J., Radom, L., Schleyer, P.v.R., and Pople, J.A., 1986) (MP2) composed methods (G3, CBS -Q, and CBS APNO) (Curtiss et al., 1998) , (Cossi et al., 2001) , (Foresman et al., 1996) , (Knowless et al., 2000) , (Curtiss et al.,1998) , (Petersson et al., 1991) and DFT (B3LYP) (Hohenberg al.., 1964) KONH et al. (1965) levels of theory for a better description of their geometry (Szabo, A., Ostlung, 1989) . We build on the earlier studies of geometry of carbenes calculated by Dr Adéoti. The study investigated in total seven (7) compounds: methylene, two (2) hydrohalogenocarbenes (hydrofluorocarbene, hydrochlorocarbene), the monohydroxycarbene, two (2) dihalogenocarbenes (difluorocarbene, dichlorocarbene) and the dihydroxycarbene.
Computational methods of calculations:
The nature of the molecules studied and their size allows us to use very specific ways, for a better determination of their structures. Therefore, in addition to the ab-initio methods (Hartree -Fock ) levels of theory, we used density functional theory (B3LYP) and composed-methods theory (G3, CBS -Q, CBS-APNO). All geometries and frequencies calculations were carried out using the Gaussian 03 suite of program (Frish et al., 2003) . The geometries of the seven (7) carbenes studied were fully optimized at B3LYP, MP2, G3, CBS -Q, and CBS-APNO levels of theory using when it was necessary cc-pVTZ basis set. The use of Dunning basis set (cc-pVTZ) was justified by the fact that it is already correlated, that improve the correlation of electrons. In this basis set, the number of orbital for H are 3s, 2p, 1d (14 functions); 4s, 3p, 2d 1f (30 functions) for C, O, and F; 5s 4p 2d 1f (34 functions) for Cl.
All stationary points were confirmed as true minima and all transition points were confirmed too by one imaginary frequency via vibrational frequency calculation.
The use of these sophisticated methods associated with mentioned basis set will contributes to obtain good parameters for a better description of the studied carbenes.
RESULTS AND DISCUSSION
Presentation of studied compounds: Below, we represent molecules undergo our study (figure 3).
The methylene (CH2), presents a tetravalent carbon associated with two hydrogen atoms. Two of the four valence electrons are not engaged in a bond. Substitution of a methylene hydrogen by one OH or a halogen (X = F, Cl), leads to a monosubstituted carbene; the monohydroxycarbene and hydrohalogenocarbenes respectively. When the two hydrogens are substituted by two OH or two halogens (X = F, Cl), we obtain respectively the dihydroxycarbene and dihalogenocarbenes.
Geometry

Methylene
Bond length: In methylene, C -H bond in state S0 is always longer than in state T1 regardless of all the methods used (table 1 and Graphic.1). In table 1 we note that in going from state T1 to state S0, the average values of the difference of C-H length of the two states is about 0.030 Å, which is consistent with results of Balázs and Coll (2000) . Indeed the difference found between C -H length of the state S0 and state T1 by this author is 0.033 Å (Balázs and al., 2000) . In this table we notice also that the T1 length is on average equal to 1.1 Å, this also is consistent with the experimental value of 1.07 found by R.W. ALDER et al. (1982) . Data from the literature give 1.11 Å for C -H bond length of S0 methylene (Herzberg, 1972 (Herzberg, , 1974 ) Zittel and al. (1976) and the T1 methylene one between 1, 075 and 1,085 Å (Herzberg, 1972 ; ) Zittel et al. 1976; Herzberg and Johns, 1971; Sears et al. 1980; Jensen et al. (1982) are also in agreement with our calculations.
Bond Angle: Bond angle was always higher in state T1 than in state S0 regardless of the quantum chemical methods employed (table 2 and Figure 2 ). This result is confirmed by Joel Liebman and Jack Simons F (1986). Indeed these authors found the HCH angle in methylene singlet smaller than in methylene triplet (Joel F. Liebman and Jack Simons, 1986) . Our calculations were also adequate with those of Balázs et al. (2000) , these authors found that the HCH angle of methylene singlet is 101.5 ° and the triplet one 133,1 ° (R.W. ALDER et al., 1982) .
In state S0, the 102° values of the bond angle look like a sp 3 hybridization of carbon, in accordance with the work of ADEOTI (1998).
In the electronic structure of methylene, two atoms of hydrogen-related carbon leaves one of the two p orbitals empty; so, the carbon atom have a lone pair. This lone pair creates in the immediate vicinity of the atom that bears it, a charge density higher than a doublet embarked upon a bond.
This creates repulsion forces. These lead to the decline of the bond angle which is smaller than that contemplated by sp 3 hybridization (ADEOTI, 1998). The results obtained by our calculations in Hartree Fock level of theory are consistent with this observation as well as those made by MP2 level of theory in a minimal basis set by Karl (1992) , this author found 104,8˚ like the value of the angle. In state T1, the bond angle is around 135°, this value is between sp 2 hybridization and sp hybridization. We know that hybridization sp 3 bond length is greater than that of sp 2 itself superior to sp hybridization. At the bond angle, it moves in the opposite direction (
).This is confirmed by the electronic states of methylene (figure 4).
The results of our calculations were confirmed by the 103 ° value of the HCH angle for Singlet (Bauschlicher and al., 1977) and 136 ° for the triplet (Wasserman and al. 1971) obtained by the HÜCKEL method (Jensen P and Bunker P.R, 1988;) Bauschlicher et al. 1977; Wasserman and al. (1971) and by the literature values, where the bond angle HCH of methylene S0 is between 102 ° and 104 ° [11- (Herzberg,_1972,1974 ] Zittel and al. (1976) . The values of Methylene T1 one are between 133.9 ° and 136 ° (Herzberg, 1972; ), Zittel and al. 1976; Herzberg and Johns, 1971; Sears and al. 1980; Jensen and al. (1982) . These observations are both explained by the effect of electron repulsion and by the effect of hybridization.
Hydrohalogenocarbenes bond Length
C-X Length :
The values of C -X bond of the hydrohalogenocarbene are almost the same in the S0 state and in the T1 state (table 3 and graph 2) whatever the halogen and the calculation method used, but they grow inside the S0 state and the T1 state from fluoride to chlorine, i.e. from the substituent more electronegative to the substituent less electronegative C-H Length: C -H bond length is always longer in the S0 state than the state T1 as observed in the methylene, (table 4, graphic 3). It decreases from chlorine to fluorine i.e., from the more electronegative substituent to the lest one's. This can be explained by the strong electronegativity of fluorine which attracts more to him the doublet of link, shortening the C-H bond. Inside the T1 state, bond length varies very little regardless of the hydrohalogenocarbene.
Bond Angle:H-C-X bond angles are larger at the T1 state than at the S0 state, regardless of the hydrohalogenocarbenes and the calculation method used, (table 5 and graphic 4) as for the methylene. At the T1 state, we observe the slight increase of the bond length from the more electronegative substituent to the least electronegative ones. CHF angle is smaller because of a strong attraction between the atom of hydrogen and the atom of fluorine. The Lowest attraction with the chlorine then gives a larger bond angle with fluorine. At the S0 state, the bond angle is virtually identical everywhere. These observations on the X-C-H bond angle obtained by our calculations were confirmed by Karl et al. (1992) , by the results of the calculations in CCSD (T) / 6-311 ++ G (d, p) level of theory ( Balázs et al. (2000) ), and as well as by the experimental results available in the literature (Herzberg, 1972 ;) Merer and Travis, 1966; Jacox and Milligan, 1967 Samsonov and Petrov, 1981; Kakimoto and al. 1981 Kakimoto and al. , 1983 Kakimoto and al. , 1990 Goldfield and Simon, 1961; (Dixon and Simon, 1970) .
In fact these authors found H-C-X bond angle at the S0 state smaller than to T1 state for those studied hydrohalogenocarbenes. They found that the bond angle increases to fluorine to chlorine too.
We can say that X-C-H bond angles are always larger in the T1 triplet sate than in S0 singlet state.
Monohydroxycarbene:
We study two electronic states of monohydroxymethylene with the methods used. Optimized geometries in both electronic states are shown in figure 5 .
For the monohydroxycarbenes, the geometry is slightly more complex than the geometry of previous studied carbenes. Indeed, in addition to lengths and bond angles, we also have the presence of a dihedral angle. The S0 state shows a dihedral angle values of around 180 ° ( Figure 5 ), and for the S0 state and T1 state (graphic7) we have the following order for bond lengths of monohydroxycarbene: The length of C -O bond is the highest then come C-H and O-H distances regardless the method of calculation used.
Bond Angle: Our calculations with different methods (graphic 7) give: greater angle in S0 state, while in T1 state, we observe an opposite comportment.
Dihalogenocarbenes
Bond Length:
Length C-X: For dihalogenocarbenes, we will focus first on the C -X bond length. The results are listed on table 7 and Figure 8 . The interpretation of table 7 and Figure 8 leads us to conclude that for chlorine, the C -X bond is faintly longer in S0 state than in T1 state regardless to the method used.
In contrast to fluorine it is slightly higher at T1 state than at S0 state. Balázs and al. (2000) have achieved the same results than we, because they showed that C -X (X = Y = Cl) binding of the dihalogenocarbenes was longer in S0 state than in T1 state, and for difluorocarbene, C -F (X = Y = F) was longer in T1 state than in S0 state (R.W. ALDER et al., 1982) . Table 7 .
Whatever the methods used, we always found the CCl2 compound had a bond length higher in S0 state than in T1 state, but for CF2, we have an opposite behavior.
Bond Angle: For these types of carbènes, table 8 and Figure 9 , allow us to say that bond angles are larger at the T1 state than at S0 state regardless to the method used. In T1 state, they are smaller than methylene with the values of fluorine lower than 120°. In S0 state, these angles are larger than that of methylene, fluorine having its angle lower than the other's. Our results are conform to those of Balázs and al. (2000) , Karl and al. (1992) who found, that Y-C-X (X = Y = F, Cl) bond angles are very larger in triplet state than in singlet state.
The bond angle increases also with the atomic number of the element. The results of the literature (Jacox and Milligan, 1970) Dixon and Simon, 1970; (Shultz and al., 1979 ) Mathews, 1966 , 1967 Powell and Lide, 1966; Kirchhoff and al., 1973; Bondybey, 1976, Ishiguro and Hastie and al. 1969; Milligan and Jacox, 1967; Vaida, 1976; UY and al. (1969) are also in agreement with our calculations.
Dihydroxycarbene: For dihydroxycarbene, we have three possible conformations: (dihedral angle H3, O2, C1, O4, H5 = 180°: conformer Z; = 0°: conformer Z'and ≠ 0° and 180° conformer E) ( Figure 6) Concerning the S0 state, Z and E conformations are flat. E has Cs symmetry and Z has C2v symmetry. About the T1 state, Z and E are C 2 symmetry, both OH are then a dihedral angle around 154 °. Con Z' conformation, dihedral angle measures 0°. The geometrical parameters of these different conformers are shown on figure 7 and grouped in tables 9, 10 and 11.
Geometrical parameters of different conformers are grouped in tables 9, 10 and 11. We found that a= O2-C1 and b = C1 -O4 bond lengths, are always smaller in S0 state than in T1 state for conformations Z, and E in all levels of theory, except for the G3 level of theory with E conformation where bond length b is smaller in the T1 state than in S0 state. (C = O1 -H5) bond length is smaller in the S0 state than in state T1 for Z conformation and for E conformation with the Composed and B3LYP methods, but for Z' conformation we observe the opposite behavior whatever the levels of theories used. d = O2 -H3 bond length is smaller in the S0 state and T1 state for Z conformation in all the levels of theories and for the E conformation with HF and B3LYP methods. For conformation Z' in all methods and E conformation with the composed methods, we observe a contrary development: α, β, and φ bond angles are generally higher in T1 state than in the S0 state for Z and E conformations.
In the composed and HF methods, bond angle β is higher in the S0 state than in the T1 state for conformation E. In Z' conformation, the bond α angle is higher in the T1 than in the S0 state while β and φ bond angles observed the opposite behavior.
The atoms O, C, and O common member of the three conformations, have C 2 V symmetry regardless the electronic state (S0 or T1). In T1 state, we note that geometric parameters of Z are identical to those of E (tables 9 and 10). In this state, there is therefore only one electron state that corresponds to the conformation E or Z.
In the S0 state, the dihydroxycarbene has a dihedral angle (μ3) value 180 ° for E and, ≈ 0 ° for Z and Z' conformations. These values show that the dihydroxycarbene is Planar in state S0. In the T1 state the molecule is non-planar because the dihedral angle μ3 is less than 180 °. We note also that in the Z and Z' conformations, we have bond lengths a = b and c = d,  μ2 are also equal pairwise whatever the state considered. In the general case, geometrical parameters vary very little with the methods used. Bond length in Å, a = cc-pVTZ, b geometries obtained albeit at a lower level Experience Angstrom, bond length a = cc-pVTZ, b= (Balázs and Coll., 2000) , c= (Herzberg, 1972; Merer and Travis, 1966; Jacox and Milligan, 1969; Samsonov and Petrov, 1981) , d= (Merer and Travis, 1966; Milligan, 1967, 1970; Kakimoto et al. , 1981 Kakimoto et al. , , 1983 Kakimoto et al. , , 1990 , e= (Goldfield and Simon, 1961; Dixon and Simon, 1970) , f= (Dixon and Simon, 1970) .
Graphic.1: Variation of H-C-H bond length of methylene by different methods.
Fig.4: Evolution of bonding angle in states T1 and S0 states in comparison with that of hybridizations
Graphic 2: Variation of CX bond length of different states of the Hydrohalogenocarbenes with the five theoretical levels, the authors and the experience data. Experience 104 1,116 1,121 1 (Balázs et Coll. ,2000) , c= (Herzberg, 1972 ; Merer and Travis, 1966 ; Jacox and Milligan, 1969 ; Samsonov and Petrov, 1981) , d= (Merer et Travis, 1966 ; Milligan, 1967, 1970 ; Kakimoto et al., 1981 Kakimoto et al., ,1983 Kakimoto et al., ,1990 , e= (Goldfield and Simon, 1961 ; Dixon and Simon, 1970) , f= (Dixon and Simon, 1970) .
Angstrom, bond length a = cc-pVTZ, b= (Balázs et Coll., 2000) , c= (Herzberg, 1972; Merer and Travis, 1966; Jacox and Milligan, 1969; Samsonov and Petrov, 1981) , d= (Merer et Travis, 1966; Milligan, 1967, 1970; Kakimoto et al. , 1981 Kakimoto et al. , , 1983 Kakimoto et al. , , 1990 , e= (Goldfield and Simon, 1961; Dixon and Simon, 1970) , f= (Dixon and Simon, 1970) .
Graphic 3: Variation of C-H bond length of different states of the Hydrohalogenocarbenes with the five theoretical levels, the authors and the experience data. Bond angle in degree, a=cc-pVTZ, k= (Karl et Coll . ,1992) , b= (Balázs et Coll. ,2000) , c= (Herzberg, 1972 ; Merer and Travis, 1966 ; Jacox and Milligan, 1969 ; Samsonov and Petrov, 1981) , d= (Merer et Travis, 1966 ; Milligan, 1967, 1970 ; Kakimoto et al., 1981 Kakimoto et al., , 1983 Kakimoto et al., ,1990 , e= (Goldfield and Simon, 1961; Dixon and Simon, 1970) , f= (Dixon and Simon, 1970) . Bond angle in degree, a= cc-pVTZ, k= (Karl et Coll . ,1992) , b= (Balázs et Coll., 2000) , g= al . , 1979, 1982 ; Mathews ,1966 Mathews , ,1967 Powell and Lide,1966 ; Kirchhoff and al., 1973 ; Bondybey, 1976 ; Ishiguro and al. , 1981 ) ,h= (Jacox and Milligan, 1970 ; al., 1979, 1982 ; Hastie and al. ,1969 ; Milligan and Jacox, 1967 ) , j= (Vaida, 1976 ; Uy and al. , 1969 ) , f= (Dixon and Simon, 1970) .
Graphic. 4: Variation of the bond angle H-C-X of different states of the Hydrohalogenocarbenes with the five theoretical levels, the authors and the experience data.
Bond angle is in degrees, a= cc-pVTZ, k= (Karl et Coll . ,1992) , b= (Balázs et Coll., 2000) , g= al . ,1979, 1982 ; Mathews ,1966 Mathews , ,1967 Powell and Lide,1966 ; Kirchhoff and al., 1973 ; Bondybey, 1976 ; Ishiguro and al. , 1981 ) ,h= (Jacox and Milligan, 1970 ; al., 1979, 1982 ; Hastie and al. ,1969 ; Milligan and Jacox, 1967 ) , j= (Vaida, 1976 ; Uy and al. , 1969 ) , f= (Dixon and Simon, 1970) .
Graphic. 9: Bond angles of dihalogenocarbenes with the five theoretical levels, the literature and the experience data. Lengths of linking in Angstroms, angles in degrees and a = cc -pVZT Lengths of linking in Angstroms, angles in degrees and a = cc -pVTZ Lengths of linking in Angstroms, angles in degrees and a = cc -Pvzt
CONCLUSION
This geometry study of carbenes allows us to show that -C-H bond in these molecules, is always longer in S0 state than in T1 state.
* If X = Cl, C -X bond is always longer in S0 state than in T1 state.
* If X = F, C -X bond is always longer in T1 state than in S0 state.
-bond angle α = HCH for methylene, and α = X-C-Y for the monohalogenocarbenes and for the dihalogenocarbenes is always smaller in the S0 state than in T1 state. For the monohalogenocarbenes, bond angle increases in Cl to F. This evolution is explained by the decrease of the electronegativity of the heteroatom and by the steric effects when their sizes increase.
-In the particular case of the monohydroxycarbene and the dihydroxycarbene, we have more complex geometry because of the presence of a dihedral angle. Monohydroxycarbene is plane in the S0 state, and non-planar in T1 state with C1 symmetry.
-The dihydroxycarbene has three forms Z, Z' and E. Conformers Z, Z' and E are plane in S0 state with C 2 v symmetry for Z and Z' and Cs symmetry for E. In T1 state, we have two forms Z and Z' because E and Z are identical geometrical parameters. Z is nonplane (C2 symmetry), Z' is plane with C2v symmetry at the S0 state.
This work brings new insight into the structure of the studied carbenes.
